Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows: °F=(1.8×°C)+32 Electrical conductivity is given in millisiemens per meter (mS/m) unless otherwise specified. Electrical resistivity is given in ohm-meters (ohm-m) unless otherwise specified. Electrical resistivity (ρ, ohm-m) can be converted to conductivity (σ, mS/m) as follows: 
Introduction
Permafrost is prevalent in high-latitude regions throughout the world and can strongly influence the hydrology and ecology of cold regions. Changes in climate are likely to lead to alterations in permafrost distribution, impacting groundwater and surface-water interactions, habitats and ecosystems, man-made infrastructure, and the global carbon cycle (Jorgenson and others, 2001; Nelson and others, 2002; Hinzman, 2005; Walvoord and Striegl, 2007; Froese and others, 2008; Schuur and others, 2008; Rowland and others, 2010) . The present-day threedimensional (3-D) distribution of permafrost is poorly constrained, particularly with respect to the variability in total permafrost thickness and the distribution of unfrozen areas, or "taliks." Lack of knowledge of the distribution limits our abilities to build realistic conceptual and numerical models of the groundwater-flow system and groundwater to surface-water interaction. An improved understanding of the current permafrost distribution is essential to improving our understanding of hydrological processes in these regions and to assess the vulnerability of ecosystems, habitats, and infrastructure to climate change.
Mapping permafrost presents particular challenges. Because of the anticipated variability in the spatial distribution of permafrost, direct-sampling techniques such as drilling are not adequate to characterize the extent or thickness, due to the sparsity of such data in cold regions. Logistical problems also exist, as areas characterized by permafrost often have few roads, are ecologically sensitive, and are difficult and costly to access. Geophysical methods provide an alternative to direct sampling and can provide more spatially continuous data with limited overland travel. Geophysical methods measure the variability in subsurface physical properties such as electrical resistivity, permittivity, and seismic velocity. These properties can vary substantially between thawed and frozen materials. Due to this contrast in material properties, geophysical measurements can be effective at determining permafrost distribution in the subsurface. By making measurements from an airborne platform, such as a helicopter, data can be collected in ecologically sensitive habitats with minimal impact, over rugged terrain, and in roadless areas common to cold regions.
Purpose and Scope
In June 2010, the U.S. Geological Survey (USGS) conducted an airborne electromagnetic (AEM) survey of an area near Fort Yukon commonly referred to as Yukon Flats, in central Alaska ( fig. 1A ). Lines were flown in a block configuration at 350-m line spacing near the town of Fort Yukon (table 1; fig. 1A , block 1). Additional flight lines extend from the block in zigzagging transects to the southwest (block 2, 400.6 total line kilometers) and northeast (block 3, 487.5 total line kilometers). The AEM measurements were used to develop inverse models of the electrical resistivity structure along flight lines. These models, in conjunction with other remote sensing and ground-based data, may provide a foundation for interpreting the distribution of permafrost.
A small AEM survey was also conducted at the Fort Wainwright military facility in Fairbanks, Alaska ( fig. 1B) . Two 1.5-km lines of AEM data were collected to evaluate the capabilities of the system to map permafrost geometry (extent and depth) and to estimate the permafrost's physical properties (electrical resistivity and dielectric constant).
This report releases digital data from the Yukon Flats and Fort Wainwright study areas. These data and the file structure are explained in the "Geophysical Data Overview" section. The methodology used to collect, process, and invert these data are presented in the "Airborne Electromagnetic and Magnetic Survey: Methods and Measurements" section. Inversions of the data are provided here, but interpretations of these data are beyond the scope of this report and will be presented in future publications.
Description of Study Areas Yukon Flats
The Yukon River drains a large part of central Alaska as well as parts of the Yukon Territory and British Columbia in Canada ( fig. 1 ). The AEM survey was conducted in a portion of the Yukon River basin near Fort Yukon, approximately 225 km northeast of Fairbanks. This area, known as the Yukon Flats, is characterized by low-relief terrain. Many meandering and braided stream channels are present in the area, including the main channel of the Yukon River and several tributaries. Numerous lakes are found throughout the Yukon Flats and range in size from very small to larger than 5 km 2 . The shallow geology of the river basin is commonly composed of alluvial gravel underlain by sand and silt, although glacial and eolian deposits may also occur in the area (Brabets and others, 2000, Williams 1962) .
Though believed to be present throughout much of the area, permafrost is likely to be absent near active stream channels, and thawed regions may exist near lakes and abandoned stream channels. The most recent map of generalized permafrost distribution and characteristics in Alaska by Jorgenson et al. (2008) , indicates nearly all continuous permafrost north of the Yukon River, and discontinuous permafrost south of the Yukon River except for the loess plateau, which contains continuous permafrost. Only a single well with measurements of permafrost depth and thickness exists in the entire Yukon Flats area. [na, data not available]
Fort Wainwright
The Fort Wainwright study area is located in the western portion of the Fort Wainwright Army Post, immediately east of the city of Fairbanks and north of the Chena River, a tributary to the Tanana River ( fig. 1B) . The Fort Wainwright area is composed of alluvial deposits containing discontinuous permafrost. The base of the permafrost varies from 10 to over 45 m (Lawson and others, 1998; Astley and others, 2010) . Relict river channels, often deeply thawed, are dispersed across the alluvial surface. A south-facing hill slope at the north end of the study area was previously mapped using outcrops and boreholes as Middle Devonian quartz-muscovite schist and phyllite overlain by loess (Douglas, 2005; Peapples and others, 2000) . A Cretaceous age granitic intrusion is exposed approximately 3 miles southeast of the study area (Newberry and Bundtzen 1996) . The south-facing hill slope is assumed to be permafrost-free based on numerous boreholes (Astley and Snyder, 2005; Lawson and others, 1998 
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Airborne Electromagnetic and Magnetic Survey: Methods and Measurements Electromagnetic Measurements
AEM systems transmit an electromagnetic (EM) signal from an airborne platform that induces secondary currents in the Earth. These secondary currents are subsequently sensed by receiver coils in the sensor housing or "bird" (fig. 2 ). The measured data are sensitive to the subsurface electrical resistivity structure, which is controlled by lithology and the amount of ice, clay, water, salt, metallic mineralization, and void space in the material. For this study, the RESOLVE helicopter-borne EM system was flown by Fugro Airborne, Ltd. EM measurements were made using six coil pairs that measure signals at separate frequencies from about 400 hertz (Hz) to about 140,000 Hz (140 kHz). Five of the coil pairs were oriented in a horizontal, coplanar position, and one of the coil pairs was oriented in a vertical, coaxial position. The specific frequencies, separation, and orientation of the coil pairs are given in table 2. The airborne sensor was flown at a nominal altitude of 30 m above land surface and was suspended about 30 m below the helicopter. The EM measurements were made approximately every 3 m along flight lines. Detailed records of data acquisition and contractor-performed processing are documented in the contractor's report (appendix 1). Principles of AEM methods are summarized by Siemon (2006) and Paine and Minty (2005) .
The depth of investigation of all EM systems is dependent on the EM frequency, coil orientation, system elevation above ground surface, data errors, and the electrical resistivity of the subsurface. One estimate of the depth of investigation for the frequencies used in the RESOLVE system is shown in figure 3 . In this figure, the depth of investigation is defined as one-half of the skin depth (the point at which a plane electromagnetic wave has attenuated to 37 percent of the initial amplitude). The depth of investigation estimates shown in figure 3 are conservative because one skin depth generally is considered to be the depth limit of AEM measurements (Fraser, 1978) . Generally, at the highest frequency, depths of investigation are just a few meters. At the lowest frequency, 400 Hz, the depth of investigation may be on the order of 80 m. This aspect of AEM measurements is the basic principle that allows depth images to be constructed. Additional discussion of the depth of investigation can be found in the subsequent section "Model Assessment Using the Depth of Investigation (DOI) Metric."
The EM signals were recorded for each frequency as in-phase and quadrature (out-of-phase) responses as referenced to the transmitted signal. These signals were post-processed to apparent resistivity for each frequency and a corresponding apparent depth as described by Fraser (1978) . The apparent resistivity is an estimated material property based on assumptions of the measurement and of a homogeneous Earth (Fraser, 1978) ; it does not represent the heterogeneous or anisotropic resistivity structure common to geology. Estimates of the intrinsic resistivity are obtained through a variety of imaging methods that are described by Farquharson and others (2003) , Hodges (2004) , and Siemon (2006) . The differential resistivity and depth transformation (Huang and Fraser, 1996) is one simple depth imaging method that has proven effective for AEM survey data from other study areas (Smith and others, 2003) . Both the apparent resistivity and differential data are given in the digital line-data files (see the README file in the LINEDATA folder).
An important part of the data processing is leveling the EM signals for system drift and calibrations. The specific steps used in the data processing are described in appendix 1. The digital line data provide the raw in-phase and quadrature data, and the processed data from which the apparent resistivity was computed. The final leveled data are also provided. These data are included in the database in case the original data are used for reprocessing.
Figure 2. Helicopter-borne RESOLVE geophysical system used during this study. Electromagnetic, magnetic, and laser altimeter sensors are housed in a "bird," a cigar-shaped 9-m-long tube, which is flown at approximately 30 m above the land surface. Modified from the Fugro contractor's report (appendix 1) and Smith and others (2010) . DGPS, differentially corrected global positioning system; EM, electromagnetic. 
Total Magnetic Field Measurements
The AEM survey used a Scintrex CS-3 single-cell cesium vapor magnetic sensor that measures the Earth's total magnetic field to an accuracy of 0.01 nanotesla (nT). The magnetic field consists of the Earth's main magnetic field and the local magnetic field due to sources within the crust and ferromagnetic metallic sources at the surface. The total field measurements are influenced by short-term variations in the magnetic field that are independent of local sources and are caused mainly by solar activity. A total magnetic field base station, set up by the contractor near the base of operations, was used to record these short-term variations in the Earth's total magnetic field, which were subtracted from the measurements made during the survey. Sharma (2002) describes the basic principles of the main magnetic field removal from magnetometer measurements. The contractor also processed the total magnetic field to remove the spatial variation from the Earth's main magnetic field. This spatial variation is defined by the International Geomagnetic Reference Field (IGRF).
Ancillary Measurements
The AEM system also monitors 60-Hz signals generally associated with cultural noise. These data are given as the HZ60 channel in the line database (LINEDATA folder). The data are given as arbitrary voltage levels, which generally increase over power lines. The expression of power lines is quite variable due to a number of factors such as the size of the line, how well it is electrically grounded, and the electrical resistivity of the Earth. In general, the infrastructure around urban development, transmission towers, and along major roads results in higher cultural noise levels and high 60-Hz signals.
Positioning measurements of the AEM sensors and the helicopter are critical in data processing and making accurate maps. Location data from the global positioning system (GPS) in both the bird and helicopter are given in the files in the LINEDATA folder. Horizontal coordinates are presented in the Universal Transverse Mercator projection, Zone 6 North (UTM6N), relative to the North American Datum of 1983. Elevation data derived from the laser altimeter on the sensor as well as the radar and barometric altimeters on the helicopter are relative to the Earth Gravitational Model of 1996 (EGM96) and referenced to the World Geodetic System of 1984 (WGS84).
Inversion of Electromagnetic Data
The multifrequency AEM data were inverted using the code EM1DFM (Farquharson, 2000; Farquharson and others, 2003) . This is a 1-D nonlinear least-squares algorithm that recovers the distribution of electrical conductivity (reciprocal of resistivity) with depth beneath each sounding. The inversion algorithm minimizes an objective function (Φ) that is a combined measure of data misfit ( d φ ) and model norm ( m φ ) given by equation 1:
Inversion of AEM data is ill-posed and nonunique; that is, many resistivity models are consistent with the measured data, and some form of regularization is needed to stabilize the inverse problem. Regularization is introduced through the model norm, which favors specific properties in the inverted model such as proximity to a reference model or smoothness. The relative importance of fitting the data compared to controlling the model through regularization is controlled by a trade-off parameter ( β ). Details on how β was chosen for the inversions in this study are discussed in appendix 2.
The data misfit component of the objective function describes how well the observed data match the data predicted by the inverted resistivity model. Specifically, it is defined as the L2-norm of the difference between observed and predicted data, d obs and d pred , normalized by the data error, for each frequency.
( )
The data weighting operator, d W , is a diagonal matrix with entries 1 − f σ , where f σ is the standard deviation of the noise for each frequency. Specification of the data errors is an important, but often overlooked, aspect of the inverse problem. Set too low, the algorithm will tend to fit noise in the data and result in models with too much structure. Set too high, the algorithm can easily fit the data with many models, and the resulting models are strongly controlled by the regularization term. Data errors used for inversion were taken as 6 percent of the data amplitude for each frequency and its in-phase and quadrature components. This level of noise was assessed from the data using the algorithm of Minsley (2011), which was also used to calculate calibration factors, as discussed in appendix 2. By choosing a percentage error, rather than fixed error values (Smith and others, 2010) , more appropriate data misfits are obtained over both resistive and conductive regimes.
The model norm component of the objective function is a combined measure of proximity to a reference model, The scaling terms and control the relative importance given to proximity to the reference model and model smoothness, respectively. Because β scales both and in equation 1, it is only important to specify the relative weight of these latter terms, which is often simplified by setting one of them to 1.
The inversion parameter settings used on the Yukon Flats and Fort Wainwright AEM data are summarized in tables 3 and 4. Appendix 2 provides a brief discussion of how these settings were selected. 
Model Assessment Using the Depth of Investigation (DOI) Metric
The depth of investigation (DOI) metric (Oldenburg and Li, 1999 ) is a valuable tool for evaluating the approximate depth in an inverted model to which the data are sensitive. The DOI metric is defined as the difference between two models inverted with different reference models, divided by the difference in reference models. The DOI metric is a very useful tool when displaying the final inverted images because it provides a means for displaying areas of confidence in the model. In many instances, geophysical images are presented without any measure of where the models are determined by the data and where they are simply a reflection of the reference model. A simple approach is to completely blank-out regions in the model where cutoff DOI DOI > , preserving only the parts of the model that are controlled by the measured data. This procedure has been applied to the inverted resistivity data provided in the SECTIONDATA folder under the RES_INV_DOI channel.
Deriving Calibration Factors for the Airborne Electromagnetic Data
Correcting systematic data errors is a key step in achieving reliable and interpretable inversion models (Deszcz-Pan and others, 1998) . During inversion of the original uncalibrated data, target misfits could not be achieved and biases were observed on several of the residuals (that is, data were always under-or over-predicted for certain frequencies). To address this issue, we adapted the calibration model of Deszcz-Pan and others (1998): Deszcz-Pan and others (1998) used ground-based well and geophysical data as the known Earth models (m). Using the forward geophysical response to these known models, the four calibration factors for each frequency were computed using a nonlinear least-squares algorithm.
In the Yukon Flats survey, there is not sufficient ground-based data to derive known models that can be used in the calibration procedure. Instead, an alternate approach to calibration was developed that uses airborne data acquired over the same profile at multiple elevations, with no requirement for a known Earth model (Minsley and others, 2011) . The multi-elevation calibration method works by using all of the data from different elevations over a single location to calculate the unknown gain, phase, and bias calibration parameters, along with the single unknown Earth model at that location. These parameters, along with their uncertainty, are calculated using the stochastic algorithm of Minsley (2011) . Once the calibration factors are calculated, a corrected dataset is calculated by applying the calibration factors to the original observed data according to ( )
Data were acquired along a portion of flight line L10220 (Yukon Flats survey) at nominal elevations of 30, 40, and 50 m. Calibration parameters were assessed at multiple locations along this profile, as well as using data from a single elevation over a conductive lake along flight line L10020. The best set of calibration factors that were consistent with all of the datasets are summarized in table 5. A discussion of the selection of these parameters is provided in appendix 2. Inversions run using the calibration-corrected dataset resulted in substantially improved data misfits over the entire survey area and reduced biases on individual components of the data residuals. 
Geophysical Data Overview
Digital data are provided with this report for the Yukon Flats and Fort Wainwright study areas. Because of the different objectives and spatial extents at each study area, the data release differs between the two areas. For the Yukon Flats area, several products and data formats have been provided. These products and their file structure are summarized in table 6 and described in the following sections. For the Fort Wainwright area, a more limited number of products has been created (table 7) . In addition to these products, Astley and other's (2010) presentation   13 comparing the Fort Wainwright AEM data to borehole and ground geophysical data has also been included as appendix 3. The following sections describe the digital data in more detail. 
GRIDS
Gridded geophysical and ancillary data created by the contractor (FUGRO folder) and USGS (USGS folder). All grids are in Geosoft Oasis montaj 1 (GRID_GRD folder, *.grd) format, a standard of the geophysical industry used in many map display computer programs. USGS grids are also provided as georeferenced images in geoTIFF format (GRID_GEOTIFF folder, *.tif).
LINEDATA
AEM data in ASCII standard (*.xyz) and Geosoft Oasis montaj 1 (*.gdb) database formats. The README file in this directory contains channel heading descriptions.
PLOTS
Images of inverted resistivity sections (*.pdf). LINEDATA AEM data in ASCII standard (*.xyz) and Geosoft Oasis montaj 1 (*.gdb) database formats. The README file in this directory contains channel heading descriptions.
Metadata
The METADATA folder contains files that describe geophysical survey blocks ( fig. 1) , including spatial information on datums and projections.
Flight Lines
The FLIGHTLINE folder contains geospatial datasets of the flight-line paths. The flightline location files are formatted in AutoCAD format (LINE_DXF folder, *.dxf), Esri Shapefile format (LINE_SHP folder, *.shp and associated files), and in GoogleEarth keyhole markup language format (LINE_KML folder, *.kml).
Line Data
The AEM survey data are given in the folder LINEDATA. The files are given in ASCII format with column headings as described in the README file. The contractor's report in appendix 1 also describes the digital flight-line data.
Section Data
The resistivity structure as a function of depth along the flight lines, as determined from the previously described inversion process, is given in the folder SECTIONDATA. The DOI cutoff has been applied to the inverted resistivity values provided in the RES_INV_DOI channel. The depth intervals for each inverted model layer (DEP_TOP and DEP_BOT channels) are relative to land-surface elevation. One important aspect of the geographic plotting of section data is choosing an appropriate representation of the land-surface elevation. Elevation data are provided relative to two datums. The DTM_AEM channel is based on processed GPS and laser altimeter values and is referenced to EGM96. The processing steps taken to prepare these elevations are described by FUGRO in appendix 1. Because these elevations are derived from auxiliary measurements taken during the AEM survey, the resolution is comparable to the AEM data and may best represent the shape of the land surface. However, these elevations are available only along flight lines. To facilitate comparison of the inverted resistivity profiles to other data beyond flight lines, such as borehole lithology or remote sensing data, elevations in the inverted resistivity databases have also been sampled from the 60-m resolution National Elevation Dataset (http://ned.usgs.gov/), which is referenced to NAVD88.
Grids
Various channels of the flight-line data from the Yukon Flats area were interpolated onto regular grids, commonly referred to as "gridding," to produce map plots. One of the challenges of gridding airborne geophysical data is that the spacing between flight lines (100s of meters or more) is much greater than the sampling down-line (a few meters). Specialized gridding methods have been developed to deal with this aspect of processing airborne geophysical data (Smith and O'Connell, 2005) . The contractor has used a modified Akima spline method (appendix 1). The contractor grids are given in the FUGRO subfolder. These grids have not been modified. The nomenclature for the grid names is given in the README file.
An alternate gridding method is the minimum curvature method implemented by Webring (1981) for geophysical airborne data. This gridding method is implemented in Geosoft's Oasis montaj program (http://www.geosoft.com/resources/technology-papers/solution-earth-modeling). We have used this algorithm to produce 75-m-resolution grids from selected channels of the flight-line data from Yukon Flats: apparent resistivity at each frequency, residual magnetic field, and land-surface elevation defined by the AEM survey. In addition to these data channels, inverted resistivity data from each model layer have also been gridded at 75-m resolution. These grids can be found in the USGS subfolder.
All USGS-generated grids are provided in two formats: Geosoft grid format (GRID_GRD folder, *.grd) and georeferenced geoTIFF images (GRID_GEOTIFF, *.tif). The Geosoft grids can be viewed and analyzed in free software distributed by Geosoft (http://www.geosoft.com/pinfo/oasismontaj/free/montajviewer.asp) or in various other mapping software packages using free plug-ins provided by Geosoft (http://www.geosoft.com/downloads). For example, the Geosoft-formatted grids can be viewed directly in the ESRI ArcMap application with the Geosoft ArcGIS plug-in (http://www.geosoFortcom/support/downloads/plug-ins/plug-arcgis). A sample display of one such plot in ArcMap is shown in fig. 4 . Once the plug-in is installed and loaded in ArcMap, Geosoft grids can be handled within ArcMap in a similar manner to other types of raster data. GeoTIFF images can be viewed geospatially in most standard geographic information system software. The geoTIFF files can also be opened in several standard image-viewing software packages, including Windows Picture and Fax Viewer. Screen shot of the ESRI application ArcMap being used to display Geosoft grids. Note the Geosoft plug-in is displayed in the toolbar. The background topographic relief map is displayed using data added by Internet servers.
Plots
Plots of the inverted resistivity sections have been generated for all flight lines in the Yukon Flats study area (PLOTS folder). The DTM_AEM channel in the YukonFlatsAEM_INV database was selected for vertical referencing because it most accurately represents the topography of the land surface at the scale of the inverted models. The index map panel shows the location of the selected flight line being displayed in a given plot. The plot files have been produced with a common color scale for all sections to allow comparison between flight lines. Plots of the Fort Wainwright geophysical data are given by Astley and others (2010) as a poster presentation included in appendix 3.
